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METHOD FOR ANALYZING TURBINE 

ENGINE DISKS 

Cross Reference to Related Applications 

This application claims priority from a Provisional Application entitled Method For Designing 
and Analyzing Turbine Engine Disks by Peter J u rgen R 6 hi, serial number 60/230,194 filed 
September 5, 2000, 

Background of Invention 

ifOOOl] This invention relates generally to engineering computer design and analysis tools, and 
more particularly to a process, a digital computer, and a medium readable by a digital 
computer for the engineering design and analysis of turbine engine disks. 

^[0002] Typically, a turbine engine disk design engineer uses a computer-aided design (CAD) 
system and one or more engineering analysis programs to design rotating turbine engine 
hardware. One typical engineering analysis program is a finite element analysis (FEA) package. 
The analysis process typically includes a simplified representation of the geometric shape. For 
every design iteration, the simplified representation of the geometry has to be regenerated. 
Typically, the design engineer gives the initial design to an analyst. The analyst converts the 
CAD model into a neutral geometric representation, for example, IGES (International Geometry 
Exchange Standard), which is then loaded into an engineering analysis package and is then 
manually simplified (e.g. trimming unwanted pieces to simplify the geometry) to the level of 
detail necessary for the analysis. However, if the simplified geometry of the design remains so 
extensive that it cannot be handled by the engineering analysis package, the analyst may 
choose to build the simplified geometry from scratch. 

[0003] 

If the analyst finds that the part does not meet its requirements, for example, because 
stresses, displacements, or temperatures are too high, the designer will modify the geometry 
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and complete another iteration of the process, which process is time consuming and vulnerable 
to errors introduced by operators restructuring the models. 

[0004] Therefore, there is a need for a process that automates the generation of analysis models 
from CAD geometry models and provides a level of association between topological features of 
the CAD geometry and the corresponding regions of the analysis model. 

Summary of Invention 

[0005] The present invention provides, in one embodiment, a method for automatically designing 
an article of manufacture comprising the steps of a) providing a master model and a context 
model specification; b) creating a context model from the master model and the context model 
p specification; c) translating the context model into an engineering analysis model compatible 

?y with an engineering analysis program; d) executing the engineering analysis program to 

Jg generate a performance estimate form the engineering analysis model; and e)optionally 

Z modifying the master model to improve the performance estimate. 

|j Brief Description of Drawings 

£30006] FIG, 1 shows a schematic block diagram (e.g., flow chart) of an implementation of the 
Zi method of the invention for the analysis of an article of manufacture; 

O0007] FIG. 2 is a flow chart expanding individual block 100 of Fig 1 ; and 

[0008] FIG. 3 is a flow chart expanding individual block 1 20 of Fig 1 . 

Detailed Description 

[0009] The present invention, byway of example and not limitation, is an automated process 
implemented on a digital computer for the design and engineering analysis of mechanical 
device parts, in particular complex rotating parts such as disks found in turbine engines. 

[0010] 

A flow chart representing one embodiment of the present invention is shown in the block 
diagram of Figure 1 . The input to the process is typically done in a digital computer using a 
computer aided design program (herein CAD). The CAD model (herein the master model) is 
obtained from a computer medium, for example a hard disk, in a form readable by a CAD 
program. The master model is defined as a parametric representation of a part usable within 
CAD software (e.g., commercially available examples of which are Unigraphics sold by 
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Unigraphics Solutions, ProE sold by Parametric Technologies, CATIA sold by IBM/Dassault 
Systemes, l-DEAS sold by SDRC, etc.) in which part geometry is described in terms of features 
and dimensional parameters associated with these features. It will be appreciated that the 
geometric representation of the master model can be parametric or non-parametric. 

[001 1] In the first step of the process, the master model is read from an initial storage medium 
into the CAD program as represented by block 90 in Figure 1 . In the next step 1 00 of the 
invention, a user determines a specified portion of master model (called the context model 
specification) to be copied into an associative model (called the context model) and prepared 
for engineering analysis. Associative, as used herein, means that there exists a master-slave 
relationship between the master model and the context model. In other words, the master 
Pi model is abstracted to a level of detail necessary to perform a specified engineering analysis 

JJf (e.g., the necessary detail may comprise only one specific part of a larger design assembly). For 

11 example, when modeling a turbine disk, if a specific portion of the disk (e.g., the disk rim or 

any other highly stressed region) is needed for analysis, it is abstracted from the master model 
U into the context model (i.e., the context model is a subset of the master model). 

JtpOl 2] In the next step of the invention as represented by block 1 20, the context model is 
01 translated into an engineering analysis compatible with an engineering analysis program, 

jp Typical engineering analysis programs, for example, provide algorithms for the solution of 

H mechanical stress, heat transfer, modal analysis, buckling, and computational fluid dynamics 

problems. For example, an algorithm for the solution of mechanical stress in an engineering 
analysis program is used for analyzing a turbine disk rim exposed to high levels of stress. Such 
engineering analysis programs providing these type of algorithms may include, but are not 

TM 

limited to, ANSYS, ABAQUS and Star-CD . Typical preparation of the context model 1 00 for 
engineering analysis includes, but is not limited to, de-featuring, simplification, trimming, 3d 

to 2d conversion, tagging and chunking (discussed below). The engineering analysis model, for 

example, is typically a finite element model comprising a finite element mesh having material 

information parameters and loads and boundary conditions. 

[001 3] 

In the next step of the invention as represented by block 140, analysis of the engineering 
analysis model to generate a performance estimate is performed by applying a finite element or 
alternatively a finite difference method, for example. The result of the analysis is typically, and 
without limitation, a binary data file. In one embodiment, as represented by block 1 60, the 
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binary data file is processed to generate the performance estimate in a graphical or textual 
form, using at least one macro, so that an operator can analyze the results. In another 
embodiment, the binary data file is processed to generate the performance estimate in a form 
readable by a computer program, using at least one macro, so that the computer program, for 

example iSIGHT ™ , automatically analyzes the results. It will be appreciated that different 
types of analysis forms (e.g., graphs, charts, tables, worksheets, etc.), singly or in combination, 

may be used to display the data file in graphical or textual form. Typical data file output may 

include, but is not limited to, stresses, displacements, pressures, temperatures, velocities and 

the like. It will also be appreciated that at least one macro may be used in all design 

applications. Macro, as used herein, means a symbol, name, or key that represents a list of 

commands, actions, or keystrokes. 

j|5014] In the next step of the invention as represented by block 1 80, an automated computer 

ffl program or alternatively an operator, for example, evaluates the processed results and 

m determines whether the design is satisfactory. If the results of the evaluation are found to be 

W satisfactory, the process of the present invention ends. However, if the results of the evaluation 

W TM . _ . 

L are not satisfactory, the automated computer program (e.g., iSIGHT by Engmeous Software 

^"3 TM 

m or ModelCenter by Phoenix Integration) or alternatively the operator, for example, selects a 

1 ** new set of geometry parameters which results in updating the master model (represented by 

JS block 220), updating the context model (represented by block 230), re-generating the analysis 

model (represented by block 240), and re-running the analysis of the new engineering analysis 

model (represented by block 140). It will be appreciated that updating the context model, as 

represented by block 230, occurs because the geometry and topology is controlled by the 

master model. In addition, it will be appreciated that re-generating that analysis model 

represented by block 240 involves the execution of existing macros created in the steps 

represented by blocks 600 and 610 (discussed below) and which macros do not need to be 

created again in subsequent iterations because the macros are dependent on the tagged 

geometry initially developed in the creation of the context model 100. 

[001 5] | n one embodiment, the loop represented by blocks 1 40 through 240 continues in iteration 
until a satisfactory design meeting required criteria is reached. Satisfactory design criteria for a 
turbine engine disk rim, for example, is a design that meets all imposed stress and 
displacement constraints. In an alternative embodiment, a pre-determined number of iterations 
(which can be the predetermined design criteria) of a design may be executed, as a result of 
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time constraints for example, and the best design may be chosen from that number of 

iterations. It will be appreciated by those of ordinary skill in the art that the pre-determined 

number of iterations of a design may be one or more depending on the implementation. The 

process steps relating to the functions represented by block TOO are shown in more detail in 

Figure 2. In the first step represented by block 500, the master model 90 is loaded into the 

CAD program. Next, the "Set-up" step, represented by block 510, generates an associative copy 

of the master model. One of ordinary skill in the art will appreciate that the context model may 

or may not be stored in the same physical file on the computer medium as the master model 

depending on the CAD system used. In addition, the step represented by block 1 00 may include 

one, all or a combination of the steps comprising Trim, Tag and Chunk, represented by blocks 

520, 530 and 540, respectively. The step represented by block 520 includes trimming the 

associative copy of the geometry of the master model to a region of interest. "Trim", as used 

herein, means to cut away parts of the associative copy of the geometry that are not needed for 

engineering analysis. The step represented by block 530 includes tagging the associative copy 

of the geometry after being trimmed. "Tagging", as used herein, means applying unique 

identifiers to topological entities (e.g., solid bodies, faces, edges, etc.) which are later to be 

used by the engineering analysis program to perform the analysis (see block 140). Typically, the 

tags can be names or name-value pairs, where the names and values will have some meaning 

for the engineering analysis program. For example, a name titled Pressure_Face may be used 

for a face where the engineering analysis code needs to apply a pressure. A name-value pair, 

for example, may be tempi 23 = 1 250.0 which applies to a region where the engineering 

analysis code needs to apply a temperature boundary condition with a value of 1 250.0 . 

"Chunking", as used herein, means subdividing the associative copy of the geometry into a 

collection of simple shapes (e.g., for example six-sided volumes) where the boolean sum of the 

simple shapes make up the original shape and where each shape contains the full information 

of the parent geometry. It will be appreciated by one of ordinary skill in the art that the spatial 

relationship between the geometries of the master model and the simple shapes of the context 

model is retained by using a method of assembly functionality. "Assembly functionality", as 

used herein, means the ability of a CAD system to handle spatial relationships between parts. A 

TM 

system that offers such functionality, for example, is Unigraphics sold by Unigraphics 
Solutions. One purpose of chunking, for example, is to simplify discretization for engineering 

analysis. "Discretization", as used herein, means subdividing the parametric shape into pieces 

small enough to allow the field quantities of interest to be approximated by using polynomials, 
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for example. Types of discretization, may include, but are not limited to, meshing used in finite 
element analysis (FEA) programs or gridding used in computational fluid dynamics (CFD) 
programs. In one embodiment, the steps represented by blocks 530 and 540 can be executed 
in any order after the step represented by block 520. In an alternative embodiment, the step 
represented by block 530 can be executed in any order after the execution of the step 
represented by block 510. 

[001 6] The process steps relating to the functions represented by block 1 20 are shown in more 
detail in Figure 3. Macros are initially developed 600 to translate the context model. 
"Translating", as used herein, is the use of the macro to load (translate) the context model, 
which includes the geometric shapes and tags from the CAD model developed in step 100, and 

3 generate from the context model an engineering analysis model compatible with an 

5 engineering analysis program. As discussed above, typical engineering analysis programs may 

0 TM 

^ include, but are not limited to, ANSYS, ABAQUS and Star-CD . In such programs, for 

Q example, the translating macros perform discretization (as described above), application of 

]: material information, application of boundary conditions and application of load conditions. 

Other forms of translating may include identifying standard shapes and loadings for which 

S closed form engineering solutions are known. Next, the step represented by block 610 includes 

f storing the macros in a computer medium. Typical languages for macros include, but are not 

1 limited to, parametric design language for ANSYS (APDL). In the step represented by block 620, 
the macros are executed to generate the engineering analysis model which is subsequently 
reviewed by the operator (represented by block 630). If the engineering analysis model is found 
to be satisfactory, analysis 140 of the engineering analysis model is performed (see Figure 1). 
However, if the engineering analysis model is not satisfactory 640 because of distorted 
elements in that model, for example, the operator modifies 650 one or more of the engineering 
analysis model generation macros (see Figure 3). The process then loops back to block 620. It 
will be appreciated by one of ordinary skill in the art that by using an automated computer, the 
loop involving executing the macros 620 to modifying the macros 650 is done automatically as 
compared to using an operator whose review is time consuming and vulnerable to errors in 
restructuring the model. 

[001 7] tt wj || k e ap p arent: t0 those skilled in the art that, while the invention has been illustrated 
and described herein in accordance with the patent statutes, modification and changes may be 
made in the disclosed embodiments without departing from the true spirit and scope of the 
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invention. It is, therefore, to be understood that the appended claims are intended to cover all 
such modifications and changes as fall within the true spirit of the invention. 
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